Abstract
Introduction
The measurement and control of beam parameters to permille level precision will play an 23 important role in the physics programme [1, 2] of the International Linear Collider (ILC).
24
For electroweak processes, the absolute normalisation of expected event rates depends on 25 both, luminosity and polarisation. The luminosity will be measured to a precision of 10 −3 26 to 10 −4 , while for the luminosity weighted polarisation average an accuracy of 10 −3 seems 27 achievable [3] .
28
While for beam energy and luminosity measurements the ILC's precision goals have al-
29
ready been achieved at previous colliders, polarimetry has to be improved by at least a 30 factor of two compared to the most precise previous measurement of the SLD polarime-
31
ter [4] .
32
The polarisation determination at the ILC will combine the measurements of two de-33 dicated Compton polarimeters, located upstream and downstream of the e + e − interaction 34 point, with measurements from the e + e − interactions themselves. While the e + e − data will (iii) Typical Cherenkov media like gases or quartz are sufficiently radiation hard to A single channel is sketched in Figure 1 (b).
82
The wavelength spectrum of Cherenkov radiation is given by: Cherenkov Detector of the DELPHI experiment at LEP [7] . Furthermore, n − 1 is propor-88 tional to the number density of molecules for n ≈ 1 [8] and thus increases proportionally 89 with the inverse temperature and the pressure.
90
To simplify further references, a right-handed coordinate system, as shown in Figure 1 , yield. Simulations suggest that a length of 15 cm is a reasonable choice.
143
In contrast to the ILC-like design of 20 staggered channels (c.f. Figure 1(a) ), the prototype 144 detector consists of two parallel, non-staggered channels. Apart from this difference, the 145 prototype detector allows to test all relevant aspects of the full detector. Especially it 146 will serve in the future as a test bed for the calibration system which is currently under 147 development as well as for the final choice of photodetectors. 
159
As Cherenkov gas, perfluorobutane (C 4 F 10 ) has been chosen due to its high threshold of 160 10 MeV, which makes the detector robust against background from low energetic charged 161 particles. The wavelength dependence of the refractive index is implemented in the simu-162 lation according to [7] . Since the polarisation measurement is based on rate asymmetries, (green), which is reflected upwards at the end of the U-base towards the photodetector.
185
Cherenkov light produced outside the channel structure in the ambient gas cannot reach 186 the photodetectors. The optical simulation ends at the photocathode and all Cherenkov 187 spectra are stored for further processing and digitisation. walls or multiple-scattering in the entrance window, are small.
199
To study the influence of the detector geometry and the reduced reflectivity of the inter- 
209
In both cases, the distributions of the number of photons reaching the photocathode is not 210 exactly Poissonian, but exhibit a small Gaussian broadening due to multiple scattering 211 in the entrance window. For illustration, both a pure Poissonian (labeled P ) as well as a
212
Poisson convoluted with a Gaussian (labeled P ⊗ G) have been fitted to the distributions.
213
The respective χ 2 per degree of freedom values clearly prefer the convoluted fit over the 214 pure Poissonian. But with σ Gauss ≈ 2 photons, the broadening is small compared to the 215 mean number of photons for both reflectivity scenarios and is expected to be negligible 216 for the much higher electron energies relevant in the polarisation measurement. X-like structure of increased photon yield which is symmetrical about the x-and z-axes.
232
A reduced light yield is visible in two narrow bands at z = ±1 mm as residuals from the channel cross section which also explains the X-like structure observed in Figure 5 .
245
In addition, Figure 6 (b) explaines the fact that the lower reflectivity of the inter-channel 246 wall leads to a depletion on the same side of the channel. 
274
Reflectivity measurements of small aluminium probes (blocks, sheets, and sub mm-foils)
275
of different quality have been performed with a modified transmission spectrometer [14] .
276
The path of the measurement beam inside the spectrometer has been changed such that Therefore these measured values have been implemented in the simulation.
289
In case of the rolled foil, the measured plateau value of R roll ≈ 40% is low, but still in the 290 range of reflectivities observed for not perfectly smooth surfaces [15] . However it is not 291 directly applicable to the situation in the prototype for several reaons: To start with, the 292 reflections on the channel walls occur predominantly under shallow angles (Θ Ch = 3 • ).
293
Furthermore, any light not following the path expected for an ideal reflector, be it due to 294 a finite size of the specular reflection highlight or due to a diffuse reflection component,
295
will lead to an immediate intensity loss in the spectrometer, while it still has a high 296 probability to reach the photodetector at end of the channel in the prototype. Therefore 297 the absolute scale of the spectrometer measurements is considered as a lower limit for the 298 effective reflectivity of the inter-channel wall. The wavelength dependency observed in 299 the spectrometer measurements is taken into account in the simulation, but the overall 300 ratio r = R eff roll /R diam is a parameter which is varied between 50% and 100% as extreme 301 cases, and which ultimately needs to be determined from prototype data. In particular, it The channel dimensions of the prototype were chosen to match the design criteria dis- All mountings for LEDs, photodetectors and windows have been designed to be gas-and 326 light-tight, as well as easily exchangeable. 
Photodetectors and their mountings 328
The hind U-leg can be equipped with four different types of photodetectors, which are 329 listed in Table 2 along with some of their characteristics. They differ in geometry (square 330 versus round) and the number of anode pads as illustrated in Figure 11 . relative to the detector channels as depicted in Figure 12 . In addition, both MAPM 341 mountings can be rotated by 180
• for systematic studies. ) and are glued into their mounting structure using epoxy resin.
346
As shown in Figure 13 , two slender 18 mm long POM tubes encase the LEDs to ensure 347 that the light from one LED does not enter the neighbouring channel through a small slit 348 in the inter-channel wall necessary for gas circulation. A temperature sensor is placed in 349 between the two POM tubes to allow for temperature monitoring.
350
The LEDs and the temperature sensor are fixed in a mounting which has been designed 351 to be easily exchangeable, because the prototype will serve in the future as a test bed for 352 a suitable calibration system which is currently under development. Beam tests with the prototype detector were performed in an external beam line at ELSA.
360
The ELektronen-Stretcher-Anlage (ELSA) is an electron accelerator consisting of three The ELSA beam is structured by the RF frequency of 500 MHz. Of 274 buckets in total, 366 a variable fraction can be filled. As an example, Figure 14 shows the fill structure for four 367 revolutions of 548 ns for a partially filled ELSA accelerator. 
376
The beam clock signal was used to provide the gate for the QDC (charge sensitive analog-377 to-digital converter), as illustrated in the block diagram of the readout chain in Figure 15 .
378
The gate width was adjusted between 100 ns and 480 ns to integrate over the filled part 379 of one ELSA revolution.
380
The detector was filled with the Cherenkov gas C 4 F 10 at a slight overpressure of about α z , had to be adjusted using a water-level.
388
The filled grey histogram in Figure 17 ( Fig. 19(b) ). 5 Due to the two broken QDC channels, these data could not be taken simultaneously, but stem from a subsequent run after changing the readout combination of anode segments at the QDC.
At a future e + e − linear collider, Compton polarimeters will be employed to measure the beam polarisation to a precision of δP/P = 0.25%, using Cherenkov detectors to register 483 the scattered Compton electrons.
484
A compact two channel prototype detector has been designed and constructed such that 485 it will allow nearly all aspects of the final detector to be studied. In particular, it has 486 been designed for easy exchange of the photodetectors and the calibration light source,
487
but also the inter-channel wall could be exchanged in order to test different materials for 488 a final detector.
489
The prototype has been operated successfully in a first testbeam campaign using four dif- 
499
In the future it is planned to use this prototype to compare different photodetectors and with the planning and setup before, during, and after the two weeks in Bonn.
512
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